Large oxygen depleted areas known as oxygen minimum zones (OMZ) have been 24 observed in the Arabian Sea and recent reports indicate that these areas are expanding at an 25 alarming rate. In marine waters, oxygen depletion may also be related to global warming 26 and the temperature rise, acidification and deoxygenation can lead to major consequences 27 wherein the plants, fish and other biota will struggle to survive in the ecosystem. 28
INTRODUCTION 43
The Oxygen minimum zone (OMZ) in the Arabian-Sea is the second-most intense OMZ 44 amongst the tropical oceans in the world 1,2 with a near-total depletion of oxygen at depths 45 from 200 to 1000m 3 . In these locations, suboxic levels (≲5 μ mol O2/kg) of oxygen are 46 seen over vast areas at different depths and denitrification occurs in its upper portion 4 . 47
Geochemical observations indicate that oxygen minimum zones have expanded over the 48 past decades 5 and could expand further in response to the ocean warming and increased 49 stratification associated with climate change 6, 7 . It has been suggested that the biological 50 consumption of oxygen is most intense below the region of highest productivity in the 51 western Arabian Sea [8] [9] [10] . The total volume of the OMZ in the ocean is growing at an 52 alarming rate, their upper boundaries are vertically shoaling, and the degree of anoxia is 53 intensifying within the cores of the OMZs 5,11 . The expansion of the oxygen minimum 54 zones (OMZs) in the Arabian Sea has become the major concern because of its impact on 55 the marine ecosystems. The expansion of the OMZs due to climate change and its impacts 56 on the ecosystems and the atmosphere is multi-dimensional and requires intense study. 57 OMZ is characterized by high nitrite accumulations and very low or undetectable 58 oxygen concentrations 12 . The nitrous oxide (N 2 O) concentration in the OMZ has been 59 reported to vary inversely with nitrite concentration 13 . Often as the oxygen levels diminish 60 the ecosystem cannot sustain normal biotic inhabitants and macrofauna. As a result, 61
OMZs are often associated with coastal and equatorial upwelling regions and the increased 62 primary production rates determine the high levels of altered microbial metabolism 11, 14 . 63 Importantly, Nitrogen (N) cycling plays crucial role in nitrate reduction to N 2 64 (denitrification) and anaerobic ammonia oxidation (anammox) along with nitrate reduction 65 to ammonia 15 . Moreover, nitrification has been shown to be an important source of 66 oxidized N at the OMZ boundaries [16] [17] [18] . 67 4 Interestingly, various metagenomic studies on OMZ have revealed that complex 68 communities (such as nitrifiers) play an important role in N cycle in the OMZ 18 . Members 69 of the Planctomycetes, Thaumarchaeota and Nitrospinae phyla have been observed to 70 perform the majority of anammox, ammonia oxidation and nitrite oxidation and play 71 important role in the OMZ dynamics 12,18-24 . Although some reports exist, the 72 denitrification 25-27 and heterotrophic denitrification via a complete sequential reduction of 73 nitrate (NO 3 ) to N 2 has not been fully explored in the OMZ areas 28, 29 . A few studies have 74 been carried out to understand the microbial diversity in the OMZ areas of Arabian Sea 30-75 34 . The special growth requirements of these microbes and abundance of uncultured 76 organisms (over 99%) make NGS based metagenomic the method of choice in order to 77 unravel the complexities of microbial communities, their dynamics and ecological 78 significance. 79
In the current study, water samples collected from different depths of sea (100 to 80 1000 meters across transect) from Goa, Mangalore and Calicut (Supplementary 81 Information AMpure XP beads were employed to remove unused primers and other unwanted nucleic 112 acid fragments and thepurified PCR amplicons were quantified, normalized and an 113 equimolar pool of all the samples was made. This multiplexed library was further subjected 114 to QC using an Agilent Bioanalyzer DNA Chip. The sequencing libraries generated from 115 V3 and V4 amplicons from all the samples were sequenced using an Illumina paired end 116 overlapping sequencing. Sequence reads were binned according to index sequences and 117 6 QC of the raw sequence data was performed by custom scripts. Low quality reads were 118 filtered out and trimmed based on observed quality pattern in the data set. Read pairs with 119 high sequence quality and overlapping regions were fused together to obtain a single read 120 traversing full length of V3 and V4 region. 121
Bioinformatics analysis 122
The sequences which were less than 300 bps and sequences with less than average quality 123 score (25 or less) were removed from the library. The taxonomic assignment of 124 unassembled clean metagenomic sequences was performed using Ez-Taxone database 35 125 and BLASTX. Information related to the metagenomics reads of the samples is depicted in 126 Table 1 . Rhodospirillaceae_uc_s were present in high numbers in all samples that were analysed in 202 our study ( Fig. 2D , Supplementary Information Table SI3 ). Chao-1 analysis predicted the number of bacterial species in each sample to be between 224 Information Table SI5 ). This extensive analysis 230 documented not only the rich and diverse micro flora present in each sample but also 231 emphasised the differences in the microbial communities in the Arabian Sea. 232 Depth and geochemical parameter influences the community structurePrincipal component 233 analysis (PCoA) led to the identification of depth as an important determinant which 234 influences characteristic and typical community structures of a given niche. (Fig. 3 
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Samples from similar depth clustered together, indicating that the communities in these 236 locations are very similar to each other. The correlations between environmental factors 237 and alpha diversity indices were accessed by Canonical correlation analysis (CCorA) (Fig.  238 4A). Depth, turbidity and density were seen to influence the dominance of certain species 239 while temperature and conductivity correlated with the richness and evenness in samples 240 ( Fig. 4 A) . Beta diversity showed a correlation with geochemical characters of sample (r = 241 -0.262; p value = 0.05) while alpha diversity (r = -0.0004; p value = 0.744) and unifrac 242 distances among the sampling sites (r = -0.09; p = 0.517) were not affected by the 243 geochemical characters of sample (Fig. 4B) . The sampling site did not influence the 244 community composition while depth was a major factor (PERMANOVA (F= 4.036 245 P=0.0009ANOSIM R= 0.7222, P= 0.0008) ( Table 2) . 246
OMZ vs Non-OMZ samples 247
A comparative analysis and assessment of all samples showed presence of 2718 248 species in OMZ areas and 2223 species in non OMZ. It was seen that 1690 operational 249 taxonomic units (OTUs) were common in OMZ and non OMZ while 1328 and 533 are 250 unique to OMZ and non-OMZ respectively (Fig. 5A ). This clearly documents that although 251 several common inhabitants are seen in the ocean the depletion of oxygen is changing the 252 species pattern. Differential abundance was clearly visible when the top 50 families present 253 at these locations were compared (Supplementary Information Draconibacterium familes were unique. Out of total 203 families which showed differential 261 abundance, 86 were present in OMZ whereas 117 in Non-OMZ respectively (Fig. 5B) emphasises that Arabian Sea has high species richness with a complex community 308 structure across oxygen gradients and between the depths of sea (Fig. 2) . Chao-1 analysis 309 highlighted presence of diverse assemblage of indigenous microbial species that remain 310 completely uncharacterized at present. Our analysis indicated that relationships between 311 environmental variables, conductivity, temperature and oxygen concentration have 312 significant role in increasing the species richness and evenness in microbial communities 313 ( Fig. 4) . OMZ samples in the Arabian sea displayed rich taxonomic diversity which 314 typically showed a depth specific variation. 
